Defective coupling between sarcoplasmic reticulum and mitochondria during control of intracellular Ca 2؉ signaling has been implicated in the progression of neuromuscular diseases. Our previous study showed that skeletal muscles derived from an amyotrophic lateral sclerosis (ALS) mouse model displayed segmental loss of mitochondrial function that was coupled with elevated and uncontrolled sarcoplasmic reticulum Ca 2؉ release activity. The localized mitochondrial defect in the ALS muscle allows for examination of the mitochondrial contribution to Ca 2؉ removal during excitation-contraction coupling by comparing Ca 2؉ transients in regions with normal and defective mitochondria in the same muscle fiber. Here we show that Ca 2؉ transients elicited by membrane depolarization in fiber segments with defective mitochondria display an ϳ10% increased amplitude. These regional differences in Ca 2؉ transients were abolished by the application of 1,2-bis(O-aminophenoxy)ethane-N,N,N,N-tetraacetic acid, a fast Ca 2؉ chelator that reduces mitochondrial Ca 2؉ uptake. Using a mitochondria-targeted Ca 2؉ biosensor (mt11-YC3.6) expressed in ALS muscle fibers, we monitored the dynamic change of mitochondrial Ca 2؉ levels during voltage-induced Ca 2؉ release and detected a reduced Ca 2؉ uptake by mitochondria in the fiber segment with defective mitochondria, which mirrored the elevated Ca 2؉ transients in the cytosol. Our study constitutes a direct demonstration of the importance of mitochondria in shaping the cytosolic Ca 2؉ signaling in skeletal muscle during excitation-contraction coupling and establishes that malfunction of this mechanism may contribute to neuromuscular degeneration in ALS.
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transients elicited by membrane depolarization in fiber segments with defective mitochondria display an ϳ10% increased amplitude. These regional differences in Ca 2؉ transients were abolished by the application of 1,2-bis(O-aminophenoxy)ethane-N,N,N,N-tetraacetic acid, a fast Ca 2؉ chelator that reduces mitochondrial Ca 2؉ uptake. Using a mitochondria-targeted Ca 2؉ biosensor (mt11-YC3.6) expressed in ALS muscle fibers, we monitored the dynamic change of mitochondrial Ca 2؉ levels during voltage-induced Ca 2؉ release and detected a reduced Ca 2؉ uptake by mitochondria in the fiber segment with defective mitochondria, which mirrored the elevated Ca 2؉ transients in the cytosol. Our study constitutes a direct demonstration of the importance of mitochondria in shaping the cytosolic Ca 2؉ signaling in skeletal muscle during excitation-contraction coupling and establishes that malfunction of this mechanism may contribute to neuromuscular degeneration in ALS.
In skeletal muscle, mitochondria occupy 10 -15% of the fiber volume and are located largely within the I-bands, surrounding the sarcoplasmic reticulum (SR) 2 network (1). This intimate juxtaposition of the SR and mitochondria, together with the ability of mitochondria to take up Ca 2ϩ from their surroundings, results in movement of Ca 2ϩ between these organelle systems (2) (3) (4) (5) . These movements are believed to help tailor mitochondrial metabolism and synthesis of ATP to the demand of muscle contraction (6) . Reciprocally, Ca 2ϩ flux into mitochondria could modify the Ca 2ϩ transient that activates the muscle contractile proteins.
In non-muscle cells, mitochondria dynamically transport Ca 2ϩ and modify Ca 2ϩ flux into the endoplasmic reticulum, the nucleus, and across the plasma membrane to such an extent that they have been named "the hub of cellular Ca 2ϩ signaling" (7) . Evidence is mounting for a similar role for mitochondria in muscle cells; however, controversies remain regarding the quantitative aspects of Ca 2ϩ transport between the SR and mitochondria (8, 9) . Furthermore, little is known on the role of defective coupling between mitochondria and SR in control of intracellular Ca 2ϩ signaling and how this contributes to pathological conditions in skeletal muscle.
Our recent study of skeletal muscle from a mouse model of amyotrophic lateral sclerosis (ALS) revealed localized mitochondrial defects involving loss of inner membrane potential that is linked to an elevated and poorly controlled intracellular Ca 2ϩ release activity in the affected region (10) . This ALS muscle presents a unique opportunity to quantify the contribution of mitochondria-mediated Ca 2ϩ uptake in shaping the Ca 2ϩ transients during excitation-contraction (E-C) coupling by comparing Ca 2ϩ transients in regions with normal or defective mitochondria in the same muscle fiber. In this study, we present evidence that mitochondria can buffer up to 10 -18% of the Ca 2ϩ released from the SR during E-C coupling. Using a combination of pharmacological and molecular biosensor approaches, we demonstrate that a deficit in mitochondrial Ca 2ϩ uptake is a major cause for the elevated and uncontrolled Ca 2ϩ transients in ALS muscle fibers during voltageinduced Ca 2ϩ release. Because these mitochondrial defects were largely localized to the neuromuscular junction, our data suggest that changes in mitochondrial control of Ca 2ϩ signaling could be linked to the activity-dependent progression of muscle atrophy in ALS.
EXPERIMENTAL PROCEDURES
Muscle Fiber Preparation-Normal and G93A 3 mice (11) at the age of 2-3 months were used in this study. Protocols on usage of mice were approved by the Institutional Animal Care and Use Committee of Rush University. Individual muscle fibers were isolated from these mice following the protocols of Refs. 12 and 10. Briefly, flexor digitorum brevis (FDB) muscles were digested in modified Krebs solution (0 Ca 2ϩ ) plus 0.2% type I collagenase for 55 min at 37°C. Following collagenase treatment, fibers were stored in an enzyme-free Krebs solution at 4°C and used for functional studies within 36 h.
Constructing pcDNA3/mt11-YC3.6-The plasmid pcDNA3/ YC3.6 (13) was used to construct pcDNA3/mt11-YC3.6. The mitochondrial targeting sequence consists of 11 amino acids (LSLRQSIRFFK) of cytochrome oxidase subunit IV (14) . The corresponding cDNA of this mitochondrial targeting sequence was synthesized by Invitrogen and fused to the 5Ј end of YC3.6 using the restriction enzyme HindIII. The final construct was verified by DNA sequencing.
Electroporation and Gene Expression in FDB Muscle of Adult Mice-The protocol was modified from Refs. 15 and 16. The anesthetized mice were injected with 10 l of 2 mg/ml hyaluronidase dissolved in sterile saline at the ventral side of the hind paws through a 29-gauge needle. 1 h later, 5-10 g of plasmid DNA of pCDNA3/mt11-YC3.6 in 10 l of sterile saline were injected into the same sites. 15 min later, two electrodes (goldplated stainless steel acupuncture needles) were placed at the starting lines of paw and toes, separated ϳ9 mm. 20 pulses of 100 V/cm and 20 ms were applied at 1 Hz (ECM 830 Electro Square Porator, BTX Harvard Apparatus). 7-14 days later, the animal was euthanized by CO 2 inhalation, and FDB muscles were removed for imaging or functional studies.
Fluorescence Dye Loading and Confocal Microscopic Imaging-FDB muscle fibers were incubated with 50 nM TMRE for 10 min at 25°C for visualization of mitochondrial inner membrane potential (⌬⌿). For simultaneous monitoring of mitochondria and the neuromuscular junction (NMJ) of the FDB muscle fibers, 1.5 mg/ml ␣-bungarotoxin (bungarotoxin conjugated with Alexa Fluor 647) was added to the cell culture dish with TMRE at the same time. Fluo-4 AM, fluo-4, or x-rhod-1 was used to monitor intracellular Ca 2ϩ at various conditions. The YC3.6 protein functions as a ratiometric Ca 2ϩ probe (13) because its fluorescence changes in opposite directions at two wavelengths in response to a change of [Ca 2ϩ ]. mt11-YC3.6 was expressed in muscle fibers for monitoring mitochondrial Ca 2ϩ . Separated excitation and emission wavelengths were applied for simultaneous recording of cytosolic Ca 2ϩ (x-rhod-1). x-rhod-1 was excited at 594 nm, and its fluorescence was collected at 600 -680 nm, whereas mt11-YC3.6 was excited at 458 nm, and its fluorescence F 1 was collected at 470 -520 nm and F 2 at 520 -580 nm. For simultaneous recording of the fluorescence of fluo-4 and TMRE, fluo-4 was excited at 488 nm with the fluorescence collected at 490 -540 nm, whereas TMRE was excited at 543 nm with the fluorescence collected and at 560 -620 nm. A confocal microscope capable of line-interleaving images excited with different lasers (SP2-AOBS, Leica Microsystems, Germany) with a 63ϫ, 1.2 NA water immersion objective was used. Chemicals were purchased from Sigma, and fluorescent dyes were purchased from Invitrogen.
Live The method was modified from our previous study (16) . In the case of voltage-clamping FDB fibers with expression of mt11-YC3.6, 50 M x-rhod-1 was included in the pipette solution for simultaneous recording of cytosolic changes of Ca 2ϩ . Image Processing and Data Analysis-IDL 7.0 (ITT Visual Information Solutions) was used for image processing. SigmaPlot 11.0 and Microsoft Excel were used for data analysis. Data were represented as mean Ϯ S.E. Statistical significance was determined using Student's t test.
RESULTS

Voltage-induced Ca 2ϩ Transients Are Elevated at the Neuromuscular Junction Region with Defective Mitochondria in G93A
Muscle Fibers-FDB muscle fibers isolated from the ALS transgenic mouse model harboring the G93A mutation were stained with both TMRE (a probe for monitoring mitochondrial inner membrane potential) and ␣-bungarotoxin (a ligand of the nicotinic acetylcholine receptor in postsynaptic membranes of the NMJ). Fig. 1A shows an example with overlay of TMRE (green) and ␣-bungarotoxin (red) fluorescence in G93A fibers, where reduced staining with TMRE corresponds to defective mitochondria that overlap with the area near the NMJ. In multiple preparations, we frequently observed that defective mitochondria were largely localized to the NMJ region (10) .
Based on the staining pattern of TMRE (Fig. 1B, panel b1 ), a patch pipette was placed at the interface between the fiber segments containing normal or defective mitochondria (Fig. 1B,  panel b3 ). This configuration limited potential errors in detection of Ca 2ϩ transients between those two segments due to possible uneven voltage clamping along the fiber during membrane depolarization. Near-uniform distribution of the fluo-4 Ca 2ϩ indicator could be achieved throughout the muscle fiber 15-20 min after successful formation of a gigaohm seal (Fig. 1B,  panel b2 ). Line scan (xt) images of TMRE (Fig. 1C, panel c1 ) and fluo-4 (panel c2) were simultaneously recorded along the fiber (panel b3, pink line) when a depolarization pulse was applied. The TMRE image distinguishes the fiber segment with defective mitochondria (Fig. 1C , black bracket) from the segment with normal mitochondria (red bracket). Normalized fluorescence traces (F/F 0 ) for the two fiber regions were then derived from the line scan images of fluo-4 ( Fig. 1C, panel c2) . Clearly, the fiber segment with depolarized mitochondria had a greater fluorescence increase (panel c3, black trace) in response to a membrane depolarization when compared with the region in the same fiber containing normal mitochondria (red trace). On average, a 10.1 Ϯ 1.7% increase in the peak fluorescence of fluo-4 was measured in fiber segments with defective mitochondria (n ϭ 8 fibers from six G93A mice, p Ͻ 0.001) (Fig. 1D) .
Inhibition of the Mitochondrial Uniporter Promotes Propagation of Ca
2ϩ Events beyond the Defective Mitochondrial RegionMitochondria maintain a large negative inner membrane potential (⌬⌿ ϭ ϳϪ180 mV) that provides the driving force for Ca 2ϩ uptake into the mitochondria. ALS muscle with reduced ⌬⌿ should in principle have reduced capacity to buffer cytosolic Ca 2ϩ . Ru360 has been shown to be a potent blocker of the mitochondrial Ca 2ϩ uniporter (mCU) (17, 18) . To test whether direct inhibition of mitochondrial Ca 2ϩ uniporter can affect the intracellular Ca 2ϩ release activity, Ru360 was applied to the G93A muscle fiber in which the Ca 2ϩ release events were first induced by osmotic shock. Osmotic stress-induced Ca 2ϩ activity has been previously established as an index for the integrity of the intracellular Ca 2ϩ release machinery of skeletal muscle cells (10, 12, 19, 20) .
As shown in Fig. 2 , G93A muscle fibers were dually loaded with TMRE and fluo-4 AM. TMRE staining identified the G93A fibers with mitochondrial defects (Fig. 2, panel 1) . In the resting condition, skeletal muscle fibers from wild type or G93A mice show few spontaneous Ca 2ϩ sparks (10, 12, 19 -21) . Brief exposure of muscle fibers to hypotonic solution caused cell swelling and frequent Ca 2ϩ release events upon return to isotonic solution. As observed in our previous study (10) , the G93A muscle fiber displays osmotic stress-induced Ca 2ϩ sparks specifically within the area of defective TMRE labeling (Fig. 2, panels 2 and  3) . Application of 20 M Ru360 in the external solution caused an immediate increase in Ca 2ϩ release activity that propagated beyond the region with defective mitochondria. The data shown in Fig. 2 (22) (23) (24) (25) . Interpretation of rhod-2 results in intact cells can be difficult because a portion of the dye remains in the cytosol or enters other organelles. In skeletal muscle, it is even harder to distinguish the signal of mitochondria from that of the SR as both organelles are spatially intertwined (26) . Recently, organelle-targeted Ca 2ϩ biosensors have been developed to directly monitor Ca 2ϩ inside the SR or mitochondria in skeletal muscle fibers (27, 28) . We utilized the biosensor protein YC3.6, which displays an improved dynamic range (13) when compared with the earlier version (YC2) (28) .
By adding a mitochondrial targeting sequence (14) to the C terminus of the cDNA of YC3.6, we constructed a mitochondrion-targeted biosensor named mt11-YC3.6. We first tested this new construct expressed in FDB skeletal muscle in wildtype mice. 2 weeks after injection of the plasmid, the transfected FDB muscle fibers showed mt11-YC3.6 in a mitochondrial expression pattern (Fig. 3A, panel a1) ] during a brief membrane depolarization (Fig. 3B) . The patch pipette solution contained x-rhod-1, a fast cytosolic Ca 2ϩ indicator with excitation and emission spectra distinct from those of mt11-YC3.6. Application of a depolarizing pulse induced Ca 2ϩ release from the SR measured as an increase in the fluorescence of x-rhod-1 (Fig.  3B, panel b1) . The YC3.6 protein functions as a ratiometric Ca 2ϩ probe (13) because its fluorescence changes in opposite directions at two wavelengths (F 1 and F 2 ) as shown in Fig. 3B , panels b2 and b3, in response to Ca 2ϩ release from the SR. The calculated ratio of F 2 /F 1 (mito ratio) indicates an increase in [Ca 2ϩ ] inside mitochondria upon voltage-induced Ca 2ϩ release (Fig. 3C) . To confirm that the changes of mt11-YC3. 6 (25, 29) . Indeed, application of 5 mM BAPTA dramatically reduced the signal of mt11-YC3.6 during a voltage-induced Ca 2ϩ release event, indicating that the signal of mt11-YC3.6 emanates from mitochondria. A representative experiment is shown in Fig. 3D .
Mitochondrial Ca 2ϩ Uptake Affects Voltage-induced Ca 2ϩ
Transients-Using mt11-YC3.6 to measure [Ca 2ϩ ] mito , we were able to directly test whether defective mitochondria in G93A muscle fibers have reduced capacity to take up Ca 2ϩ during E-C coupling. First, the mt11-YC3.6 expression plasmid was electroporated into the FDB muscles of G93A mice. Isolated FDB fibers were voltage-clamped with the patch pipette placed at the boundary of the normal and defective regions, based on TMRE staining (Fig. 4A) . Following a brief membrane depolarization, the fluorescence images F 1 and F 2 of mt11-YC3.6 were recorded. A representative image of F 1 is shown in Fig. 4A, panel a2 . Clearly, the fiber segment with defective mitochondria (black bracket) displayed a reduced fluorescence change in response to membrane depolarization when compared with the region in the same fiber containing normal mitochondria (red bracket). The calculated mito ratio (F 2 /F 1 ) is shown in panel a3. On average, a 14.6 Ϯ 1.9% decrease of the maximum change of mito ratio was measured in fiber segments with defective mitochondria (n ϭ 4 fibers from two G93A mice, p ϭ 0.002). The reduced mitochondrial Ca 2ϩ uptake (Fig. 4A, panel a3 , black trace) mirrors the increased cytosolic Ca 2ϩ transient observed in the defective fiber region of the G93A muscle cell (Fig. 1C) ] cyto (t)) were derived from the fluorescence intensity F(t) of fluo-4 (as shown in Fig. 1C, panel c3) where the removal flux contains two terms: buffering by EGTA and the uptake of Ca 2ϩ into the SR by the sarco/endoplasmic reticulum Ca 2ϩ -ATPase (SERCA) pump. Fig. 5B shows calculated Ca 2ϩ release fluxes in the defective region (black trace), which is larger than that in the normal region (red trace). However, there is no reason to believe that the release flux is actually different in the two regions as when the mitochondrial Ca 2ϩ uptake was blocked by intracellular application of BAPTA, the Ca 2ϩ transients at both normal and defective regions were identical (Fig. 4B) . Thus, the SR Ca 2ϩ release machinery is likely to be similar in all regions of a particular G93A muscle fiber. Considering that this original calculation of flux did not include the removal of Ca 2ϩ by mitochondria, the difference in calculated release flux (Fig. 5B, green trace) is in principle attributable FIGURE 4. Deficit in mitochondrial Ca 2؉ uptake elevates the voltage-induced Ca 2؉ transients in ALS skeletal muscle. A, panel a1, a G93A muscle fiber expressing mt11-YC3.6 was loaded with TMRE to distinguish the normal fiber region (red bracket) from the defective region (black bracket). Panel a2, the same fiber was voltage-clamped, and xt line scan signal for mt11-YC3.6 was recorded along the dashed line in panel a1 during a membrane depolarization pulse. F 1 of mt11-YC3.6 signal was shown in the figure. Panel a3, the calculated mito ratio (F 2 /F 1 ) in both normal (red) and defective (black) regions. Note the reduced mitochondrial Ca 2ϩ uptake in the fiber region with depolarized mitochondria. B, simultaneously recorded line scan images of TMRE (panel b1) and fluo-4 (panel b2) of a G93A fiber during a depolarizing pulse when the pipette solution contained 15 mM BAPTA. Note that intracellular BAPTA, a fast Ca 2ϩ chelator that is known to reduce mitochondrial Ca 2ϩ uptake, diminished the difference in the Ca 2ϩ transients in normal and defective regions (panel b3). , and SR pump rate k uptake ϭ 11 ms (32) (33) (34) (Fig. 5C , black trace) was calculated by subtracting the Ca 2ϩ transient in the normal region from the one in the defective region of a G93A muscle fiber. [Ca 2ϩ ] mito in the normal fiber region of a G93A fiber expressing mt11-YC3.6 was calculated from the mito ratio (R) change by using the standard formula established by Grynkiewicz et al. (35) with kinetic correction
in which, ␤ ϭ 4. 
DISCUSSION
In this study, we demonstrated that mitochondria rapidly capture Ca 2ϩ to shape the intracellular Ca 2ϩ transients in skeletal muscle during E-C coupling. Using voltage clamp measurements, we found that muscle fiber segments with defective mitochondria showed elevated Ca 2ϩ transients due to reduced mitochondrial Ca 2ϩ uptake in the G93A muscle fibers. Interference with mitochondrial Ca 2ϩ uptake by either Ru360 or BAPTA could influence the intracellular Ca 2ϩ transient during E-C coupling. As the fiber region with defective mitochondria always includes the muscle side of NMJ, our data demonstrate that a deficit in mitochondrial participation during intracellular Ca 2ϩ signaling may contribute to degeneration of the ALS muscle.
The mechanism of mitochondrial controlling of intracellular Ca 2ϩ signals in various cell types has been extensively studied (see reviews in Refs. 2, 4, and 5). Due to the central role of mitochondria in controlling cell metabolism and cell death, many studies have been conducted in cardiac muscle to examine the role of mitochondria in shaping cytosolic Ca 2ϩ transients in both physiological and pathophysiological conditions (23, (37) (38) (39) (40) release from the SR. Although our data support the idea that compromised mitochondrial function could be a principal factor contributing to the augmented Ca 2ϩ release activity in the ALS muscle, it is also possible that the enhanced Ca 2ϩ transient includes contributions from increased SR Ca 2ϩ release in the defective fiber segment due to a greater activity of ryanodine receptor/Ca 2ϩ release channels (RyR). It is known that the activity of the ryanodine receptor channel can be modified by reactive oxygen and/or nitrogen species (20, (42) (43) (44) (45) . The depolarized mitochondria in the defective fiber segment may have modified the status of the local release channels. At this point, we cannot biochemically separate the release channels from the different segments of muscle fibers or directly test the activity of the release channels in the different fiber segments in vivo. However, we tested our hypothesis by using BAPTA at a high concentration to block mitochondrial Ca 2ϩ uptake in the normal fiber segment in our voltage clamp experiments. If mitochondria function as an additional buffer for Ca 2ϩ release from the SR, application of BAPTA, a fast Ca 2ϩ chelator, should reduce Ca 2ϩ uptake by mitochondria in the normal fiber segment. Thus, Ca 2ϩ transients derived from both normal and defective fiber segments should be similar in the presence of BAPTA, as we observed in Fig. 4B . These results suggest that the function of Ca 2ϩ release machinery is comparable in all regions of a given G93A muscle fiber. Thus, our data support the hypothesis that loss of mitochondrial Ca 2ϩ uptake is a major cause of the enhanced Ca 2ϩ transients observed in the segment of G93A muscle fibers displaying defective mitochondria. Quantitative measurement of mitochondrial Ca 2ϩ in intact skeletal muscle cells is challenging as the commercially available fluorescent dye for such applications, i.e. rhod-2 AM, is not a ratiometric dye and does not specifically target to mitochondria. Organelle-targeted ratiometric Ca 2ϩ biosensors are a better choice. With expression of a mitochondrion-targeted biosensor (2mtYC2) in muscle, Rudolf et al. (28) demonstrated that [Ca 2ϩ ] mito could measurably increase in a single twitch. This earlier version of the biosensor had a small dynamic range with a maximal 20% increase of emission ratio when calibrated in the cytosol during a tetanic stimulation. In these studies, we used an improved biosensor YC3.6 with a dynamic range around 6 (in vitro calibration) (13) . Our in situ calibration of mt11-YC3.6 showed a similar dynamic range (R max /R min ϭ 5.7) in muscle cells. We demonstrate that mt11-YC3.6 is an improved mitochondrial Ca 2ϩ sensor, which can be used to evaluate the dynamic changes of [Ca 2ϩ ] mito under physiological conditions. To our knowledge, this is the first time that mitochondrial Ca 2ϩ levels were directly recorded in skeletal muscle under voltage clamp configuration. By expressing mt11-YC3.6 in G93A skeletal muscle, we detected a reduced mitochondrial Ca 2ϩ uptake in the fiber region with defective mitochondria during a voltage-induced Ca 2ϩ release. This reduced mitochondrial Ca 2ϩ uptake in the defective fiber region mirrors the elevated Ca 2ϩ transients in the same area (Fig. 5C ). Thus, a reduced capacity of mitochondria to capture Ca 2ϩ during muscle contraction is responsible for the elevated Ca 2ϩ signaling in G93A skeletal muscle. As the areas of defective mitochondria always face the NMJ, the deficit in mitochondrial Ca 2ϩ uptake and consequent increase in Ca 2ϩ transients may contribute to the neuromuscular degeneration in the progression of ALS.
By comparing the Ca 2ϩ transients and mitochondrial Ca 2ϩ influxes in fiber regions with normal or defective mitochondrial function, we evaluated the contribution of mitochondria to buffer Ca 2ϩ during voltage-induced Ca 2ϩ release. The estimated contribution of mitochondria to Ca 2ϩ removal amounts to a range of 10 -18% at the peak release, which is not inconsistent with the study by Pacher et al. (22) who showed that in cardiac muscle, mitochondria can buffer up to 26% of intracellular Ca 2ϩ released from the SR. The smaller uptake of mitochondria may well be due to lesser total mitochondrial volume in skeletal muscle (46) . In addition, mitochondria in the fiber region marked by reduced fluorescence of TMRE may not be completely depolarized and may still reserve some ability to accumulate Ca 2ϩ . As shown in Fig. 4A , the G93A muscle fiber expressing mt11-YC3.6 showed Ca 2ϩ uptake by mitochondria in the defective region. Thus, it is possible that total mitochondrial Ca 2ϩ removal in skeletal muscle may be underestimated in our experimental conditions. In summary, our results provide direct evidence that mitochondrial Ca 2ϩ uptake can modulate rapid Ca 2ϩ transients associated with E-C coupling. The contribution of mitochondria to Ca 2ϩ removal amounts to a range of 10 -18% at the peak release in skeletal muscle under our experimental conditions. This sizable contribution to intracellular Ca 2ϩ handling may play an important role in muscle physiology. Consequently, disruption of mitochondrial Ca 2ϩ buffering should be an important component of the pathophysiology of neuromuscular diseases such as ALS.
